Mushroom development in any branch of science leads to the growth and the perpetuation of fallacies of method and logic which time alone can correct This is as true for the development of test-standardization technique as for any other similar field of research. At this time when mass tests are rapidly multiplying, and when their range of application is becoming more and more widely extended, it is necessary that we frequently reexamine the mathematical and statistical trellis work upon which such tests necessarily depend for sanction of reliability.
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The present study is an attempt to formulate the mathematics of guessing, especially as it pertains to tests of the two-alternative type. What are the chances, for example, of obtaining a good record in a single group-test of fifty items, when the subject being examined lacks or does not utilize the intelligence or the information which he is supposed to possess, but proceeds, nevertheless, to mark his sheet, guessing as he continues through the items.
The prevalent opinion is thus expressed in a recent article by McCall.
1 In explaining a new type of test-method, illustrating by means of a test in United States Geography, he states: "Let us consider first the reason for expressing a pupil's score as the number correct minus the number wrong. Imagine a pupil who is absolutely innocent of any knowledge of the physical features of the United States. Were such a pupil to take the above test and were he to mark every statement, he would according to the theory of chance mark ten statements correctly and ten incorrectly. The chances of his guessing right or wrong are fifty-fifty or one to one. His score on the above test would be: Score = 10 -10 = o. 1 MCCALL, W. A. A New Kind of School Examination. /. of Educ. Research, i, 1920, 33-46 . I
In short the pupil's knowledge is zero and the method of computing his score gives him zero. Suppose instead that he knows ten statements and guesses at the other ten. Of the ten guessed at, he would, according to chance, get five correct and five wrong. That is, even though his real knowledge is ten he will show fifteen correct (10 + S) and five incorrect. The method of computing his score brings out his real knowledge. Score = 15 -5 = 10. A pupil who marks every statement correctly makes a perfect score, viz: Score = 20 -o = 20."
The implied assumption is that "chance" will take care of the "guesser," since in the long run, and with perhaps few and unimportant exceptions, he who guesses will accidentally obtain as many answers right as wrong.
In order to bring the conditions of this study more clearly before the reader, we will assume, by way of illustration that:
(1) We are dealing with a test of 50 items, each of which the subject is required to examine and mark "plus or minus," or "true or false," or "same or opposite," or "correct or incorrect," and so on (two-alternative type);
(2) In recording the score we subtract the number wrong from the number right (unweighted); 1 (3) The subject has inferred that the test has been arranged so that there are approximately as many items of one alternative as of another, and proceeds to mark his test sheet accordingly; and (4) The subject exercises no further judgment but places his marks indiscriminately and is guided purely by chance.
The question which immediately arises and which bears fundamentally on the validity of a test-score obtained by this method is: What are the chances that a subject proceeding as above indicated, will obtain a score of 100 per cent., of 80 per cent., of 50 per cent., of 25 per cent., of 5 per cent, of o per cent.? And in addition, assuming that one is examining a group of 300 individuals, among whom 36 utilize this chance, indiscriminate procedure, what proportion of these 36 may be expected to receive a score of 100 per cent., what proportion, 50 per cent., what 10 per cent., and so on?
In the present article we shall content ourselves merely with an analysis of theoretical expectation. At a later time empirical results will be presented together with some additional considerations upon which these preceding findings may throw some light, as well as some general conclusions regarding the validity of this method for measuring intelligence or the results of teaching. If we were to toss fifty unbiased pennies the chance of any combination of heads or tails falling upon the table could be determined by means of the formula:
where p -the probability expressed as a decimal, p n< Q -" equals the probability of the occurrence of a certain set of possibilities « and Q -n, Q equals the total number of chances, n equals the number of events of one kind, Q -n the number of events of the other kind, only two kinds of events being possible. This formula is really a short expression of the one generally used to find the (r + i) term of any binomial expansion. The results presented in Table I were obtained by means of the binomial expansion:
in which a and b are each \ and n equals 50. 9-9.
(5) Probability (/) .000 coo 000 000 000 889 .000 000 000 000 044 4 .000 000 000 001 09 .000 000 000 017 4 .000 000 000 205 .000 000 001 88 . These figures are presented graphically in the following chart. It is assumed that 1,000 individuals have guessed. No factorshave influenced their reactions except pure chance. The frequencies of the various scores are presented.
The 1,000 reactions, above mentioned, are presented in tabular form in Table II: he would obtain some positive score, and approximately four times in ten, some negative score. It is also clear from Table I that Let us assume a situation mentioned in the early portion of this discussion. If one is examining a group of 300 individuals, among whom 36 are guessing, what distribution of scores may be expected. In conclusion it may be said that although our "intuition" in the past regarding the operation of the laws of chance in tests of the two-alternative type was, in the main, correct, nevertheless we have been inclined to exaggerate the frequency of zero scores, and to underestimate or overlook the frequency with which significant, positive scores might occur. Further generalizations shall be left for the later empirical study. The applications will then be more evident.
